Purpose: The aim of this investigation was to evaluate and compare the dimensional accuracy of hydrophilic polysiloxane, vinyl polysiloxane (VPS), and polyether (PE) impression materials under dry, moist and wet conditions. Methods: An acrylic master model including 6 implants was formed, and 108 impressions were made up of this acrylic model at total. In this study, the materials of hydrophilic polysiloxane impression material, 1 hydrophilic vinyl polysiloxane impression material and 1 polyether impression material were tested. Twelve impression of each material were created under dry, moist and wet respectively. Two reference distances were evaluated on each study model by using a graphics-editing program whereas for comparison of mean dimensional changes one-way analysis of variance and Student t-test were used. Results: One-way analysis of variance revealed significant differences between impression materials and conditions (P < 0.05). There was a statistically significant difference between wet and dry-moist conditions (P < 0.05). The best result is with polyether impression material under dry condition (0.15 mm-mean difference). Conclusions: All impression materials showed a statistically significant difference under dry, moist and wet conditions.
Introduction
A dental impression which is a negative impression of an oral structure is used to produce a positive replica of the structure to be used as a permanent record or in the production of a dental restoration or prosthesis [1] . The accuracy of the definitive cast is affected by the accuracy of impression so that an accurate impression is necessary for the fabrication of good-fit prosthesis. On contrary, an inaccurate impression may cause misfit in prosthesis, which may further result in mechanical and/or biological complications [2] - [41] . The possible mechanical complications due to misfits in prosthesis can be observed as screw loosening, screw fracture, implant fracture, and occlusal inaccuracy [2] .
The internal stresses in the FPD (fixed partial denture), the implants, and the bone matrix are possibly induced by any visible or invisible misalignment of the FPD to the osseointegrated implants [8] [9] . Physiologic loads imposed on an endosteal implant are distributed by the implant itself to the surrounding supporting tissues [10] . Implant units, unlike natural teeth cushioned in their alveoli by periodontal fibers, are not able to show tolerance to movement while adapting to the demands of the metal supporting structure. The little mobility of osseointegrated implants is due to the "elasticity" of the investing bone [11] .
Nowadays, the most popular and accepted material can be determined as elastomeric impression material among dentists. Due to this, it is very important to investigate the accuracy and stability for the comparison of this group of recently developed commercial products.
The system of science of data and measurements from photographs and sensing can be defined as photogrammetry which has the concept of obtaining reliable metric information from photographs. The photogrammetry method extends the two-dimensional information provided by photos into three dimensions; by using various cameras, the shape of each of the photographic objects and their location in space are rebuilt regarding to an external system of reference points.
The necessary calculations for reconstruction require special cameras qualified to identify this system of reference points. Photogrammetry has been used in many areas of medicine [42] [43] and in dentistry; photography has been a required technique to study the shapes and positions of teeth, dental arches and maxillary and mandibular bones. This technique enables the three-dimensional analysis of the palate variations while practicing rapid palatal expansion techniques and evaluating the achieved dental movement in the area of orthodontics.
Recently, this technique has been applied in dental implants surgery planning and in vitro research to test the reliability of other impression techniques that has also been reported [44] - [49] .
This study has purposed to evaluate polysiloxane, vinyl polysiloxane and polyether impression materials that polymerize under dry, moist, and wet conditions by using photogrammetric analysis. The dimensional accuracy was evaluated on stone models made by different impression materials exposed to three different conditions.
The hypotheses of this study were that moist and wet conditions affect the impression materials unfavorably in terms of their dimensional accuracy. Before making impression, the acrylic model was ultrasonically cleaned to make sure no residue was left and then it was allowed to air dry. Precaution was taken and care was shown to prevent possible contamination on the surface of the model impressions. Latex gloves were not worn while materials were applied due to their potential inhibitory effect on polymerization of VPS materials [12] .
The cartridge was bled according to manufacturer's suggestions to obtain proper dispensing ratios. For the impressions exposed to moist conditions, a spray bottle of fine mist of water (32˚C ± 2˚C) was applied to the surface of the master model before the impression material was applied onto the acrylic model surface. Attention was taken to make sure that the entire surface was covered with mist of water uniformly without having any excess or beading.
For making the impressions exposed to wet conditions, the acrylic model was submerged in water bath (37˚C) for 30 minutes before applying the impression material.
Evaluated and Statistical Analysis
The impressions were left to set 3 minutes longer than suggested minimum removal time by the manufacturer as stated in ADA specification 19 for laboratory testing [13] . All impressions were formed at room temperature by one hand.
Two reference distances were interpreted for each study model ( Figure 3 ). 
Results
One-way analysis of variance revealed significant differences between impression materials and conditions (P < 0.05). When the dimensional changes in the three conditions for used material were compared, dry conditions gave a lesser dimensional change value followed by moist and then wet conditions (Table 1) .
Polysiloxane impression material and vinyl polysiloxane impression material showed lesser dimensional changes in dry conditions (P < 0.05) but polyether impression material showed similar dimensional changes in dry and moist conditions (P > 0.05).
There was a statistically significant difference between wet and dry-moist conditions (P < 0.05), but there was no statistically difference between dry and moist conditions (P > 0.05). Comparison between the three conditions of the mean dimensional change for each of the materials tested were showed in Table   1 . According to the results the best result is with polyether impression material 
Discussion
In implant prosthodontics, it can be said that result is fully successful only if passively fitting prostheses are fabricated. Applying undue torque to screws while attaching the superstructure to the abutments can endanger the outcome.
The metal framework is disaggregated, repositioned, and soldered in the case of achieving a clinically passive fit and rocking the metal supporting structure intraoral. In order to eliminate discrepancies in fit (even they are not able to be detected visually), it is essential that work should be done on a master cast that reproduces the position of the abutments in the patient's mouth as accurately as possible [14] .
Accurate transfer of implant position from the mouth to working casts, therefore, remains a valid objective, of relevance to the obtainment of "optimum" fit between the implant and the superstructure [5] [15] . Although to obtain an absolute passive fit is impossible in terms of practice [16] , one of the generally accepted goals of prosthodontic implant procedures is to minimize the misfit to avoid possible complications [17] .
The extensive and common use of additional reaction silicone impression materials, known as vinyl polysiloxane (VPS) materials on the other hand, is due to their dimensional accuracy and stability [18] Clinical investigations of several impression materials have gathered replication of the finish line of a wet tooth preparation or gingival sulcus reproduction in the presence of crevicular moisture [33] [34] [35] . These studies have shown contrary results on the ability of VPS impression materials to obtain complete impressions when moisture is observed. One investigation has reported that hydrophilic VPS impression materials were not always successful at creating acceptable impressions neither used on wet nor moist dentin surfaces [35] . Others have stated that although differences were seen in the contact angle formed between different VPS impression materials and moist tooth surfaces, the hydrophilic VPS was the only one that always obtained complete impressions [33] [36].
ADA specification 19 criteria suggest that elastomeric impression materials
should not cause dimensional change in more than 0.5% after 24 hours of polymerization of the material [13] . Three materials all used in this study for dry conditions stated well results within these standards, recording 0.5% or less mean dimensional changes. On the other hand, under moist or wet conditions this ratio gets bigger than one stated under dry conditions.
Chai et al. [37] stated that the non-hydrophilic poly (vinyl siloxane) materials and the poly (vinyl siloxane) putty were significantly less wettable.
Hydrophobic nature of VPS impression materials has two aspects. The first aspect is related to the surface energy of the un-polymerized liquid phase of the impression material, and the lack of its ability to wet oral tissues during impression making procedure [36] . The second aspect is about the surface energy of the solid, polymerized VPS, and the high contact angle that typically appears if the VPS impressions get wet with dental gypsum materials [33] [34].
To cope with the limitation of hydrophobicity, manufacturers have added surfactants for the purpose of achieving reduction in the contact angle and improvement in the wetting capacity [37] . These hydrophilic VPS materials have shown increased wetting capacity of the polymerized impressions with gypsum slurries. However, in the situation of clinical use of hydrophilic vinyl This suggests that the hydrophilic additives may not improve the wetting ability of un-polymerized VPS on the oral tissues under moisture conditions either partially or completely, which has the effect on the accuracy and detail increase of the impression [38] .
A study that has compared wetting capacity of impression materials suggested that the most wettable material was the polyether material whereas the hydrophobic poly (vinyl siloxane) was less wettable than the hydrophilic poly (vinyl siloxane) [39] . However, in the use of topical surfactant, no difference was stated in wettability between the hydrophilic and hydrophobic poly (vinyl siloxane),
and their wettability became able to compare with the polyether material, which leads to the inference that the intrinsic surfactants were less effective than the topical surfactant [39] . Since, the introduction of polyether in 1969, it has helped clinicians to obtain accurate and dimensionally stable impressions. Polyether impression materials are composed of moderately low molecular weight polyether, a silica filler and plasticizer and have excellent wettability [40] .
Michalakis et al. [40] were evaluated not only the hydrophilicity before and after the setting, but also the values of contact angle of the elastomeric impression materials. They studied one polyether, four polyvinylsiloxanes, and one condensation silicone and found that the polyether had the fewest voids and the polyvinylsiloxanes did not present any significant differences among them.
Another study was compared hydrophilic polyvinylsiloxane (PVS) and polyether (PE) impression materials under different conditions and indicated that moisture did not cause any significant opposite effects on the dimensional accuracy of any material [41] .
Conclusions
Within the limitation of this in-vitro study the following conclusions can be drawn:
1) Under dry conditions, materials showed lesser dimensional changes than moist and wet conditions.
2) The best result is with polyether impression material under dry condition.
3) All impression materials showed a statistically significant difference under dry, moist and wet conditions (P < 0.05).
4) While wet conditions affect impression accuracy; dry or moist conditions didn't make any statistically significant change.
